In this paper a simulation to maximize the global solar radiation on a sloped collecting surface was applied to typical latitudes in the area of southern Italy, to calculate the optimum tilt angle of solar panels on building structures or large photovoltaic power plants located in that geographical area. Indeed, the area of southern Italy and in particular Sicily and Calabria are the top of European locations for acquiring solar energy. Some models of diffuse solar irradiance were taken into account to determine panels inclinations that maximized the impinging solar radiation by means of global horizontal solar radiation data provided from the Italian Institute of ENEA (Italy). An algorithm was used for the simulation providing a set of tilt angles for each latitude. The optimum tilt angle values obtained from the simulation resulted to be strictly related to the model of diffuse solar radiation that was used. Indeed, the disagreement between the values obtained using anisotropic models of diffuse solar radiation and those obtained from the isotropic model resulted to decrease significantly with increasing solar declination, showing that the isotropic model can be reliable only in summer months.
Introduction
The rising cost of electricity has provided the motive for making best use of daylight, and utilization of solar radiation has led to new architectural developments.
As a consequence of the absence of adequate measured solar irradiation data, building designers have to rely on predictive tools and models. These models should be capable of accurately predicting slope and orientation of solar panels to maximize solar energy collectable from meteorological parameters such as global horizontal solar radiation as an input parameter.
The assumption of isotropic diffuse irradiance of [1] for computing optimum tilt angles of solar panels and vertical surface energy gains may have contributed to overestimations.
Hence, during the past decade several new and better solar radiation algorithms have evolved. For example, these models have confirmed that the isotropic assumption overestimates the energy transmission through fenestration by as much as 40% for vertical surfaces.
While modeling and simulation of energy systems would require determination of hourly horizontal and slope quantities, daily and monthly-averaged irradiation values would suffice for an abbreviated analysis. The area of southern Italy and in particular Sicily and Calabria are the top of European locations for acquiring solar energy, because over 3000 hours of sunshine a year.
In 2009, Sicily was the first European region as it has been reached grid-parity, i.e. the parity between the cost of solar electricity and that produced by burning oil or natural gas. Every kilowatt of installed power generates in Sicily over 1500 kWh per year; 15 solar plants have been surveyed admitted to the incentives, for a total ofGlobal horizontal solar irradiation have to be preferred with respect to empirical expression such as that of [2] . Hence, data archive of ENEA from 1995 to 1999 have been used.
Otherwise, daily extraterrestrial radiation on a horizontal surface, named H o , can be computed for day n from the following equation [ 
where G sc is the solar constant, equal to 1367 W/m 2 , n is the number of the day,  the solar declination,  the geographical latitude, and ω s the hour angle of sunrise. The ratio of solar radiation at a surface of the earth to extraterrestrial radiation is called the clearness index. The monthly average clearness index, K t , is defined as:
where g is the monthly average daily solar radiation on a horizontal surface.
H
The global horizontal solar irradiation H g includes the horizontal direct beam irradiation H b and the horizontal diffuse sky irradiation H d .
For obtaining solar irradiation on a tilted surface, users must use some predictive slope irradiation models, that evaluate the relationship between the global solar irradiation on horizontal planes and that on tilted planes [1, [4] [5] [6] .
Direct beam and diffuse components of solar radiation can be estimated from empirical relationships by means of clearness index K t .
The main cause of error in the computation of the optimum tilt and orientation of a solar panel is related to considerable disagreements within the set of those relationships.
The origin of such disagreements depends upon what the diffuse correlation is used for.
The Italian Institute of ENEA (Italy) recommended the following correlation for Italian latitudes:
derived from measures of solar irradiance performed by the ENEA.
Empirical Models of the Diffuse Solar Irradiance
Global daily solar radiation on a tilted surface can be estimated as follows:
where I b is the direct radiation, which emanates from the solar disk, I d the diffuse radiation, which emanates from the rest of the sky, and I r the ground reflected radiation. The daily beam radiation on a tilted surface I b can be obtained by means of the ratio of the average daily beam radiation on a tilted plane to that on a horizontal plane, named R b , and the parameters to it correlated:
The evaluation of the ground-reflected diffuse irradiance is dependent on the factor I r . Most studies consider that the ground reflection process is ideally isotropic [1] , in which specific case I r can be simplified into
where ρ represents the ground albedo, and β is the slope of the panel as to the horizontal plane.
If we assume an isotropic distribution of solar radiance through the sky, the diffuse irradiance can be expressed as follows [1] :
The assumption that the diffuse radiation originates entirely from the solar disk gives the relation
that is the modeling opposite to the isotropic of [1] . Nevertheless, absorbing and scattering processes in the atmosphere redistribute solar energy out of the direct beam into the diffuse radiation.
Le Quere [7] proposed a model for the diffuse solar component as a combination of the two components,
suggesting the value F = 0.8, while Hay and Davies assumed the ratio of terrestrial direct radiation to extraterrestrial radiation as the degree of anisotropy (1 -F).
Klucher [8] proposed a model where the isotropic component I d (iso) is multiplied by two factors that represent both circumsolar and horizon brightening:
In this expression the parameter K expresses the degree of anisotropy as a modulating function of the amount of direct radiation received by the surface
Further models have been proposed up to now to perform the anisotropy of diffuse solar irradiance, by means of some coefficients based on statistical analysis of em-pirical data for specific locations. nent H d . The optimum tilt angle values β were calculated using the parameters of the cities and the models of diffuse solar radiation above mentioned. The computation was performed using the algorithm proposed in [9] based on the assumption that the daily solar irradiation impinging on the collecting surface be maximum with respect to the angles β, γ, ω, where β is the slope of the panel as to the horizontal plane, γ is the azimuth, ω the solar hour angle, respectively.
The peculiarity of PV systems is that they can use both forms of radiation, direct and diffuse irradiation, hence further empirical researches on expressions of diffuse solar irradiance need to optimize the solar energy collected by a solar panel.
Computing the Optimum Tilt Angle Relative to Different Diffuse Solar Radiation Models at Typical Latitudes in the Area of South-Italy
This physical assumption is represented by the mathematical conditions: The global horizontal solar radiation data relative to 5 cities in the area of southern Italy (Messina, Palermo, Catania, Reggio Calabria, Lamezia Terme) provided from the Institute of ENEA from 1995 to 1999 were used. The geographic latitude and longitude of the cities are indicated in the Tables 1-5 .
Daily extraterrestrial radiation on a horizontal surface, H o , was computed from (1), and Equation (3) was used as the relationship between H d and H g .
Ground albedo was fixed at the typical value ρ = 0.20, corresponding to the cement.
The set of equations can be solved as to the angles β, γ, ω, using numerical methods [9] . The isotropic model of [1] and the anisotropic models of [7, 8] 
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The use of the anisotropic model of solar diffusion radiation of [8] , instead, provides a set of equations that cannot be solved analytically with respect to β, γ, ω, but only using iterative methods, as accurately described in [9] .
The optimum tilt angle values that were calculated using the models above mentioned are reported on the Tables 1-5 for each latitude.
The corresponding monthly average of the daily global solar radiation can be considered representative of the conversion efficiency of a PV module, because it has a linear relationship with the solar radiation rate [10] .
The optimum tilt angle values obtained for winter months were confirmed to be very different from the values relative to summer months at each latitude, confirming that a seasonal tilt angle adjustment is needed, such as it was evidenced by [11] for some European cities.
Furthermore, the disagreement between the optimum tilt angle values obtained using the two anisotropic models of diffuse solar radiation resulted lesser than 2 degrees for each latitude and solar declination value.
In contrast, the disagreement between the optimum tilt angle values obtained using the anisotropic models and those obtained using the isotropic model resulted relevant for the winter months, as can be observed in the last column of the Tables 1-5 , where the differences Δβ between the averaged optimum tilt angles obtained from the two anisotropic models and the values resulted from the isotropic model were reported. This difference was plotted as a function of solar declination, using all the optimum tilt angle values obtained from the simulation and reported in the tables (see Figure 1) .
A significant correlation was found, represented by a correlation coefficient R = 0.965 (the linear regression is represented by the red line in Figure 1) .
This result showed that the isotropic model at latitudes in the range from 37˚ to 39˚ can be reliable only in the months from May to August, suggesting that further research is needed on empirical models of diffuse solar radiation depending on the geographic location. The maximization of global solar radiation on an inclined surface applied to some latitudes in the area of southern Italy led us to use an algorithm to solve a set of equation to provide the optimum tilt angle β of a collecting surface. The numeric simulation was applied to some latitudes in an area of Southern-Italy, using global horizontal solar radiation data provided from the Italian Institute of ENEA (Italy) and some models of diffuse solar irradiance.
Conclusions
In particular, a relevant disagreement between the optimum tilt angle values obtained using the anisotropic models and those obtained using the isotropic model was evidenced for the winter months. Indeed this difference was observed to decrease with increasing solar declinaThe optimum tilt angle values that resulted from the simulation strictly depend on the used models of diffuse solar irradiation. tion, with a significant correlation coefficient.
This result, which may be extended to other locations with the same latitudes, showed that the isotropic model can be reliable only in summer months, suggesting the need of further research on empirical models of diffuse solar irradiance depending on the geographic location, to provide the maximization of the solar radiation collectable by a solar collector.
